INTRODUCTION
In South Korea, gastric cancer is the second most commonly diagnosed cancer [1] . However, due to improvements in surgical techniques and perioperative patient management, patients with gastric cancer are increasingly surviving for longer periods [1, 2] . Therefore, it is necessary to pay more attention to factors that may affect quality of life after surgery. One such factor is the formation of gallstones. Patients who undergo gastrectomy have a higher incidence of gallstones than the general population [2] [3] [4] [5] . While the etiology of gallstone formation after gastrectomy has not yet been elucidated fully, possible causes may be severance of the hepatic branch of the vagal nerve, nonphysiological reconstruction of the gastrointestinal tract, Purpose: Gallstone formation is one of the most common problems after gastrectomy. This retrospective cohort study used the South Korean nationwide claims database to evaluate the incidence and risk factors of gallstone after gastrectomy for gastric cancer. Methods: All consecutive patients who underwent gastrectomy for gastric cancer in South Korea in 2008-2010 were identified. Incidence of gallstone formation 5 years after gastrectomy in males and females, in various age groups, and after different types of gastrectomy was determined. Multivariate logistic regression analysis served to identify gallstone risk factors. Results: Of the 47,752 patients, 2,506 (5.2%) developed gallstone during the 5-year follow-up period. At 12, 24, 36 , and 48 months, the cumulative incidences were 1.2%, 2.2%, 3.3%, and 4.3%, respectively. Males had a higher incidence than females (5.8% vs. 4.1%, P < 0.001). Older patients (60-89 years) had a higher incidence than younger patients (30-59 years) (6.1% vs. 4.3%, P < 0.001). Gallstone was most common after total gastrectomy (6.6%), followed by proximal gastrectomy (5.4%), distal gastrectomy (4.8%), and pylorus-preserving distal gastrectomy (4.0%) (P < 0.001). Multivariate analysis showed that male sex (odds ratio [OR], 1.39), an older age (OR, 1.44), and total gastrectomy (OR, 1.40 vs. distal gastrectomy) were significant independent risk factors for postgastrectomy gallstone. Conclusion: The cumulative incidence of gallstone 5 years after gastrectomy for gastric cancer was 5.2%. Male sex, an older age, and total gastrectomy were significant risk factors. More careful monitoring for gallstone may be necessary in patients with such risk factors. and an altered response to cholecystokinin secretion [3] .
In experienced hands, it is not excessively difficult to perform cholecystectomy in patients who previously underwent gastrectomy. In fact, several studies reported the feasibility and safety of laparoscopic cholecystectomy after gastrectomy [2, [6] [7] [8] [9] [10] [11] [12] . However, it is still a technically demanding procedure because of the likely presence of adhesions between the gallbladder and the abdominal wall or Calot triangle. These adhesions complicate the access to the gallbladder and increase the risk of iatrogenic injury during the operation [3, 10] . In this regards, it is notable that a prospective multicenter study recommended prophylactic cholecystectomy during gastrectomy as it was not associated with increased postoperative morbidity [13] .
It is important to understand the incidence and risk factors of gallstones after gastrectomy because this may help surgeons to determine the optimal postoperative monitoring strategy for patients after gastrectomy. To address this issue, we conducted a retrospective analysis of the South Korean nationwide insurance claims database to estimate the incidence of and risk factors for gallstones after gastrectomy for gastric cancer.
METHODS

Data acquisition
This retrospective cohort study was based on the Health Insurance Review and Assessment Service (HIRA) database. All people who reside in South Korea are obliged to enroll themselves in the single government-established health insurance system. Therefore, the HIRA database contains nearly 100% of all medical claims in South Korea since January 2007. It contains patient records that indicate patient age and gender, diagnoses, interventions, and operations [14] .
The study protocol was approved by the Institutional Review Board of the Seoul Metropolitan Government -Seoul National University Boramae Medical Center (approval number: SMG-SNUH 07-2017-1/012), and the study was conducted in accordance with the Declaration of Helsinki. The requirement for informed consent was waived due to the retrospective nature of the study.
Patient selection and classification
All consecutive patients aged between 30 and 89 who underwent gastrectomy for malignant neoplasm of the stomach between January 2008 and December 2010 were identified in the HIRA database by searching for the primary or secondary International Statistical Classification of Diseases, 10th revision (ICD-10) diagnostic codes C16.1-C16.9. Only patients who underwent distal gastrectomy (Q0252 and Q0253), pyloruspreserving distal gastrectomy (Q0254 and Q0255), proximal gastrectomy (Q0258 and Q2598), and total gastrectomy (Q2533, Q2534, Q2536, and Q2537) were selected for analysis. Those with partial resection (Q0251 and Q2594) or wedge resection (Q0256 and Q0257) were excluded because information regarding the resection site was not available.
We used the data registered in the HIRA database until December 2015, and the last follow-up date was defined as the last claim data registered. As such, patients enrolled from January 2008 had maximum 8 years of follow-up, and those enrolled from December 2010 had maximum 5 years of followup. The new formation of gallstones during the 5-year follow-up period was identified by searching for the ICD-10 classification codes K80.0-K80.5, and K80.8, which indicate gallstone disease. The date of gallstone occurrence was defined as the registration date of these diagnostic codes. The patients who had these gallstone diagnostic codes before or during hospitalization for their gastrectomy (i.e., between January 2007 and the date of gastrectomy) were excluded from the cohort.
The patients who developed gallstones after gastrectomy and who underwent cholecystectomy (Q7380) with or without choledochotomy with common bile duct stone removal (Q7310) after their gallstone diagnosis were identified by searching the HIRA database.
Statistical analysis
To determine the influence of sex, age, and gastrectomy type on gallstone incidence, the patients were first divided into groups according to new gallstone occurrence after gastrectomy. These groups were then subdivided according to sex, age group (30-49, 50-59, 60-69, and 70-89), and type of operation (distal, pylorus-preserving, proximal, and total gastrectomy). Categorical variables were expressed as number and percentage, while continuous variables were expressed as mean with standard deviation. The groups were compared in terms of categorical and continuous variables using chi-square test or Student t-test, as appropriate. The cumulative incidence of gallstone in the patients at risk was evaluated using KaplanMeier plotting. Multivariate logistic regression was used to identify which variables associate independently with risk of gallstone after gastrectomy. The data are expressed as odds ratios (OR) and 95% confidence intervals (CIs). All statistical analyses were performed using R 3.2.2 (R Development Core Team; R Foundation for Statistical Computing, Vienna, Austria), and P-values less than 0.05 were considered to indicate statistical significance.
RESULTS
In total, 52,870 patients underwent gastrectomy for gastric cancer in 2008-2010. Of these, 5,118 (9.7%) were excluded because they underwent partial resection (n = 1,725) or wedge resection (n = 587) or had been diagnosed with gallstones before or during hospitalization for gastrectomy (n = 2,806).
The remaining 47,752 patients formed the study cohort. Of these, 31,984 (67.0%) were male and 15,768 (30.0%) were female patients. The mean age was 59.6 ± 11.6 years. The most common age group was 60-69 years (30.5%), followed by the 50-59 (25.6%), 70-89 (22.7%), and 30-49 (21.3%) year age groups. Distal gastrectomy was the most commonly performed operation (72.7%), followed by total gastrectomy (24.5%). Pyloruspreserving and proximal gastrectomy together accounted for 2.8% of all gastrectomies (Table 1) .
During the 5-year follow-up after gastrectomy, 2,506 patients (5.2%) were newly diagnosed with gallstones. The cumulative incidence at 12, 24, 36, 48, and 60 months was 1.2% (n = 575), 2.2% (n = 1,072), 3.3% (n = 1,571), 4.3% (n = 2,070), and 5.2% (n = 2,506), respectively. As shown in Table 1 , male patients were more likely to develop gallstones after gastrectomy than females (5.8% vs. 4.1%, P < 0.001). The incidence of postgastrectomy gallstones rose steadily with age (from 3.7% in 30-49 years to 6.6% in 70-89 years, P < 0.001). Postgastrectomy gallstones occurred most frequently in patients who underwent total gastrectomy, followed by proximal gastrectomy, distal gastrectomy, and pylorus-preserving distal gastrectomy (6.6%, 5.4%, 4.8%, and 4.0%, respectively, P < 0.001).
Multivariate logistic regression analysis showed that male sex (OR, 1.39; 95% CI, 1.27-1.52), an older age (60-89 years relative to 30-59 years: OR, 1.44; 95% CI, 1.33-1.57), and total gastrectomy (relative to distal gastrectomy: OR, 1.40; 95% CI, 1.28-1.58) were significant independent risk factors for gallstones after gastrectomy ( Table 2 ). The cumulative incidences of postgastrectomy gallstones in these high-risk groups relative to the low-risk groups are shown in Fig. 1 .
To determine whether pylorus preservation affected the postgastrectomy development of gallstones, the patients who underwent pylorus-preserving gastric resection (i.e., pyloruspreserving distal gastrectomy and proximal gastrectomy) were compared with the patients who underwent pylorus-resecting gastric resection (i.e., distal gastrectomy and total gastrectomy). Gallstones developed in 63 of the 1,311 pylorus-preserved patients (4.8%) and in 2,443 of the 46,441 pylorus-resected patients (5.3%). This difference did not achieve statistical significance (P = 0.506).
Of the 2,506 patients who developed postgastrectomy gallstones, 662 (26.4%) underwent cholecystectomy during follow-up. The majority (n = 540, 81.6%) underwent cholecystectomy alone. The remainder (n = 122, 18.4%) underwent cholecystectomy with common bile duct stone removal via choledochotomy. Values are presented as number (%). 
DISCUSSION
The present study showed that the incidence of gallstones 5 years after gastrectomy was 5.2%. This incidence was about twice as high as the prevalence of gallstones in general Korean population, which was 2.0% to 3.4% [15] [16] [17] . Meanwhile, in studies involving gastrectomy patients, the incidence in this study was similar or lower than that of the previous studies, which ranged from 5.2% to 25.7% [2] [3] [4] [5] [6] [7] [8] 18] .
The difference between the present study and the latter studies may be due to several factors. First, the present study was based on nationwide data whereas the previous studies were single institution-based studies with relatively small study populations [2, [4] [5] [6] [7] [8] 18 ]. This difference is important because the incidence of gallstones after gastrectomy is likely to be influenced by multiple local factors that relate to the institution and the surgeons, including the experience of individual operators, type of operation, type of reconstruction, extent of lymph node dissection, and follow-up protocol. For this reason, it is important to use a large-scale multicenter study to determine the actual incidence (preferably one that is based on nationwide data). Second, the incidence of gallstones after gastrectomy may be low in South Korea because Billroth I anastomosis for reconstruction is more frequently performed in South Korea than in other countries [19, 20] . This preference may have helped to prevent gallstone formation because Billroth I anastomosis preserves the food passage through the duodenum [21] . Third, there might exist false negative patients in the present study. In general, CT scan is inferior to ultrasonography in detecting gallstones [22] . Therefore, gallstones are might to be missed at the institution in which CT scan is a major follow-up modality rather than ultrasonography. Finally, we found that the annual incidence of gallstones rose steadily during the 5-year follow-up period. This has also been observed by other studies [2, 3, 8] . Therefore, the low incidence rate we recorded may be due in part to the short follow-up duration, and it is likely that we will observe a higher incidence of postgastrectomy gallstone formation if we extend our followup duration. We found that males and older patients were significantly more likely to develop gallstones. This is consistent with the findings of several studies [2, 5, 18] . However, it remains unclear how these factors shape gallstone formation after gastrectomy. To clarify these underlying pathophysiological mechanisms, further studies are necessary.
Both total gastrectomy and proximal gastrectomy involve the severance of the vagus nerve. By contrast, pyloruspreserving distal gastrectomy involves the preservation of the hepatic branch of the anterior vagus nerve and the right gastric artery [23] . Vagus nerve injury during gastrectomy could increase the tension of the sphincter of Oddi and reduce the contractive function of the gallbladder. This in turn could result in bile stasis and gallstone formation [21, 24] . Indeed, in the present study, the gallstone incidence was highest after total gastrectomy, followed by proximal gastrectomy, distal gastrectomy, and pylorus-preserving distal gastrectomy. This is consistent with previous studies that showed that the gallstone incidence is high after total gastrectomy and low after pyloruspreserving distal gastrectomy [2, 3, 21, 23, 24] . Moreover, the metaanalysis conducted by Chen et al. [21] showed that postoperative gallstone formation occurred less frequently in patients who underwent physiological reconstruction and vagus nerve preservation than in those who did not. Regarding the issues of reconstruction methods, studies showed conflicting results. While some studies reported the irrelevance between the type of reconstruction and the frequency of gallstone formation either in distal gastrectomy or total gastrectomy [7, 25] , other studies reported the lower incidence of gallstone formation in patients who underwent Billroth I anastomosis (or physiologic reconstruction) than Billroth II or Roux-en-Y anastomosis (or nonphysiologic reconstruction) [2, 3, 5, 8, 26] . The suggested pathophysiologic mechanism was that exclusion of food passage to duodenum changes the pattern of cholecystokinin secretion, which results in reducing gallbladder contractility and increasing gallstone formation [8] .
In the present study, the preservation or resection of the pylorus did not significantly influence the incidence of gallstone formation: 4.8% of the patients who underwent pylorus-preserving distal gastrectomy and proximal gastrectomy and 5.3% of the patients who underwent total gastrectomy and distal gastrectomy developed gallstones (P = 0.506). This may reflect the fact that both groups contained patients with vagus nerve injury and duodenal food passage: since the former factor promotes gallstone formation and the latter prevents it, it may not have been possible to detect an effect of pylorus resection relative to pylorus preservation.
It is not well demonstrated yet whether the proportion of the gallstone patients requiring cholecystectomy is affected by the previous gastrectomy or not. However, several studies on the natural history of asymptomatic gallstones report that the mean yearly probability of biliary colic is about 2% per year [27, 28] . In the present study, 26% of the patients who developed gallstone after gastrectomy underwent cholecystectomy during the 5-year follow-up. This is consistent with the results of a systematic review by Gillen et al. [29] . In this context, the present study suggests that the history of gastrectomy may shape the clinical course of gallstones. To elucidate the underlying pathophysiological mechanisms, further studies are warranted.
This study has several limitations. First, we only analyzed the data that were available in the claim forms of the HIRA database and patient selection was based entirely on the ICD-10 code that had been put in by the physician. The medical records of the patients were not reviewed. Thus, it is possible that there were false-positive and false-negative gallstone findings in our cohort. False-positive findings include those patients who already had gallstones before gastrectomy: these cases could not be excluded because ultrasonography was not performed preoperatively. False-negative findings include those patients who developed gallstones after gastrectomy but the stone was missed during the follow-up because ultrasonography was not performed. The second limitation is that a significant number of the patients with postgastrectomy gallstone might be uncounted when the diagnostic code was falsely input by the clinicians. For instance, there might be clinicians who used the diagnostic code of K81.0 (code for acute acalcuous chlecystitis) for gasllstone cholecystitis. In addition, the patients who were diagnosed gallstones or underwent cholecystectomy before gastrectomy must be excluded from the study population. However, due to the lack of the data before January 2007 in HIRA database, such patients were included in the study and the incidence was underestimated in certain degree because the denominator should have been smaller. Last, we could not analyze the influence of clinical factors that could shape gallstone formation on gallstone incidence, including the method used for reconstruction and the extent of lymph node dissection, body mass index, and underlying disease such as diabetes or liver cirrhosis, because the HIRA database does not include such clinical data. More detailed database with long follow-up period is necessary to understand the development of gallstone after gastrectomy more comprehensively. Nevertheless, given the fact that the whole population of South Korea was included in this study (i.e., there was no major selection bias), we believe that the present study provides helpful information about gallstone incidence after gastrectomy.
In conclusion, the cumulative incidence of gallstones after gastric resection rose steadily over time and was 5.2% after 5 years of follow-up. About 26% of the patients who developed gallstones after gastrectomy had to undergo cholecystectomy. Male sex, an older age, and total gastrectomy were risk factors for the development of gallstones after gastrectomy for gastric cancer. We recommend that patients with these risk factors should be followed up particularly carefully in terms of gallstone formation. To evaluate the incidence of and risk factors for gallstone formation after gastrectomy, well-designed prospective multicenter studies with a large-scale cohort are warranted.
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